Tweakie’s Laser Controller 
Introduction.
This controller has been designed to operate as a very basic interface between Mach and the J48 laser and as a considerably cheaper alternative to the uc2000. It is capable of outputting an active Hi, 5 Volt (TTL) Pulse Width Modulation (PWM) signal from 0% (OFF) to 95% at a Pulse Repetition Frequency (PRF) of 5kHz and in the standby condition automatically output a 1uS x 5kHz Tickle Pulse.
The displayed PWM % is currently a linear output which does not exactly follow the laser output power curve and although it is pretty close, it stops at 95% PWM which is equal to 100% laser output power.
Although it is anticipated that the laser will always be operated at 5 kHz, the option of choosing other PRF frequencies such as 10kHz, 15kHz and 20kHz may also be added at some time in the future. Initial tests at higher frequencies have shown that recalibration of the PWM % to equal the correct laser output power % is necessary in order to avoid taking the laser outside the manufacturers recommended operating parameters. Not difficult to do, but may require a different algorithm for each PRF frequency so switching frequencies ‘on the fly’ may not be possible to achieve but this is probably not a necessary option anyway.
Nothing here is ‘carved in stone’ and parameters may change with future firmware revisions and these notes will be updated as the project proceeds.
Safety.
Do not attempt this project or have anything to do with lasers unless you fully understand the risks involved and are satisfied that you can implement all necessary safety precautions to prevent injury to yourself and others. Like all things invoking danger – just one small mistake can have tremendous consequences.

Construction.
The PCB has been designed to be isolation routed with a common ground which I have found can bring its own problems - if the routed line width is too wide, some of the ground areas may in themselves become isolated. This should be checked and if found necessary a small bridging link could be added to maintain the ground continuity. I use a 30 degree engraving point for routing PCB’s at a 300mm/min federate with the highest possible spindle speed but everyone will have their own personal choice.

The 16 character, two line LCD display is of the ‘44780’ type and clones are now commonly available in various display colours at extremely low cost from China. The rotary encoder has continuous, indented, rotation and is of the type commonly used for the volume control in vehicle audio systems – it outputs a 2 bit Gray Code as a pulse which is sent midway between clicks. The model I have used has twenty rotary steps per revolution, and also incorporates a ‘push to make’ switch operated by the shaft. All other components used are just basic, readily obtainable, off the shelf, items. It is important however, to mount the PIC with a socket so it can be removed for programming any future updates.
Setting up.

Once assembled the setting up is minimal. The upper 10k trimmer is set for best display contrast and the lower 10k trimmer (initially set midtravel) is adjusted for an exact 1uS tickle pulse width as observed with an oscilloscope (or set to a value of 4k7 ohms if an oscilloscope is not available). Care should be taken when adjusting the pulse width trimmer as tickle pulses wider than 1uS can cause the laser to start emitting a low level beam without actually having been triggered. (Currently the trimmer range is approx.0 to 2uS).
 The jumper (link) is set north for active Hi output or south for active Low output (default position for use with the J48 is north – active Hi).
Operation.
At switch on, after displaying the firmware version number, the display indicates ‘====OFF====’ on the first line and ‘FREQUENCY 5kHz’ on the second line, there will be no output and the red (LASE) LED on the laser will be extinguished. Advancing the rotary control one step will change the first line of the display to show ‘PWM WIDTH 1.0%’, there will now be a 1uS x 5kHz tickle pulse present at the output and the red LED on the laser will glow dimly indicating that it is in the ready state. If the trigger input is now taken low the tickle pulse will be replaced with a 1.0% PWM pulse stream reverting back to the 1uS x 5 kHz tickle pulse as soon as the trigger input is returned to it’s high state. The rotary control can be adjusted at any time and the display will indicate the Pulse Width % and the output, when triggered, will follow the indicated display.
At switch on, the PWM adjustment is always in 5.0% steps, clicking the encoder push will change this adjustment to 0.5% steps, clicking again reverts back to 5.0% and so on.
Mach.
Mach can be used in a number of different ways but it is intended that for vector work the controller input is connected to any available LPT output pin which is then configured within Mach to be active Low and mapped to the output method of your choice. I use axis B so the GCode B1 turns my laser on and the GCode B0 turns it off - others may prefer the GCode M10 / M11 combination, there are also a number of other combinations and the choice is a matter of preference here. The controller’s rotary control is set to the desired PWM (laser power) that is required for the work in hand. It can, of course, always be altered ‘on the fly’ during the progress of the work if it is found to be necessary.

For raster work the setup is slightly different and the Mach Laser / Impact Engraving plugin is used. In this instance the Mach ‘Digital Trigger’ is mapped to the LPT output pin (again active Low) which is connected to the controller’s input and the controller’s rotary control would usually be set to near maximum (there are some exceptions here, depending on the material and these will, no doubt, be discovered by trial and error) Mach issues the equivalent PWM and takes full control of the laser output power as it scans the work.
Tweakie.

